OBJECTIVE:
(1) To estimate the prevalence of cancer as an cause of abdominal pain, ABDOMINAL pain is a common problem in primary care and one of the most frequent reasons for a new visit by outpatients. In a healthy elderly population, a total of 31% of men and 42% of women were reported to have experienced at least one episode of abdominal symptom within a given year, 25% visiting a doctor and a little less having taken medicine [1] . Another study showed that clinical laboratory tests were ordered in 45% and X-ray procedures in approximately 20% of outpatients with abdominal pain [2] . In other studies no cause for abdominal pain was found in approximately one half of the cases and a large percentage of the patients who presented with abdominal pain had self-limited illnesses for which no definitive diagnosis was reached [3, 4] . The prognosis at one year of nonacute abdominal pain treated in general practice was better than that reported for a population [5] . However, Japan has a different medical care system compared to these countries. Therefore, these data should be applied with caution. In addition, detecting malignancy or infection remains an important responsibility of the primary care physician.
Although abdominal pain due to cancer frequently suggests that tumor has already advanced, there probably is probably some therapeutic value with prompt diagnosis. Early detection may lead to earlier relief of suffering or change in the course of the disease, resulting in the prolongation of survival [6] . Abdominal pain is the most common symptom presented in 72% of primary carcinomas of the gallbladder [7] . Most patients with cancer of the body of the pancreas suffer from persistent, unexplained abdominal pain. Thus it is recommended that these patients be subjected to sophisticated diagnostic tests in order to reach an early diagnosis [8] . However, all forms of cancer taken together account for only a few percentages of patients with abdominal pain. Thus, the initial clinical task for the primary care physician is to rule cancer either in or out, rather than to comprehensively assess every organ.
There exist, however, controversies as to what constitutes proper initial evaluation in patients with abdominal pain. There was a report that a specific diagnosis was not reached in more than half of all abdominal pain episodes [9] . It was also found that laboratory and radiologic studies had minimal value in the differential diagnosis of chronic and acute causes of abdominal pain. A high index of suspicion, therefore, must be maintained for patients complaining of abdominal pain [10, 11] .
The risk of cancer was found to be age-dependent: among patients aged 50 years or over with 'non-specific' pain, the risk of cancer was 10 percent [12] . de Dombal et al. therefore suggested that cancer is now a relatively common cause of acute abdominal pain, that the diagnosis is frequently difficult and that urgent screening of all patients over 50 years of age with nonspecific acute abdominal pain may be warranted [12] . It is therefore extremely useful to establish criteria by which certain groups of patients are spared endoscopy and sonography, while the remaining be assured that cancers do not go undiagnosed.
For this purpose, we prospectively collected data from a large series of patients complaining of abdominal pain in a primary-and secondary-level care setting. Our aims were: (1) to estimate the prevalence of cancer as a cause of abdominal pain, (2) to identify useful information from history and physical examination, (3) to assess performance of potential screening tests, and (4) to formulate an efficient algorithm for distinguishing patients with cancer.
METHODS

Patients and data collection
Subjects were selected from the patient population (n=6021) who visited the general medical clinic of Saga Medical School Hospital from April 1, 1988 , through March 31, 1989 . This clinic provides primary-and secondary-level care for a district with a population of approximately 170,000.
A total of 473 outpatients complaining of abdominal pain at the first visit were examined by 12 general physicians during the study period. The patients' medical histories were recorded by each doctor using a form prepared for this study. History taking and physical examinations were performed routinely.
Laboratory and radiographic studies were performed at the discretion of the examining physicians. Thus, certain analyses were limited to subsets of patients for whom particular test results were obtained.
Erythrocyte sedimentation rate (ESR) and complete blood count (CBC) results were obtained within 30 days after the index visit. All tests were done in an ordinary clinical laboratory, which used the Westergren method for ESR determination. We also included X-ray results obtained within two weeks after the index visit. Of the 18 patients who had a cancer, six did not have an abdominal X-ray taken. The radiologists' official reports were used as the source for all X-ray results.
Identification of cancer
Three months after the index visit, we evaluated the subjects' medical records to establish a final diagnosis based on the results of blood and urine tests, and imaging findings.
We also reviewed medical records of all subjects almost seven years after the index visit, which allowed enough time for occult cancer to be diagnosed.
Identification o f non-cancer causes
The following gold standards were used for diagnoses of non-malignant diseases. Some diseases were diagnosed based on either biopsy or operation, but others only on imaging techniques such as sonography, radionuclide scanning, and CT. Gastric, duodenal or peptic ulcers, anisakiasis, gastric polyps, esophageal varices were diagnosed by means of either barium-swallow GI series or endoscopy. Duodenal diverticula, postgastrectomy syndrome, post-operative intestinal adhesion, diverticulitis, and ulcerative colitis were diagnosed by using either barium-swallow GI series, barium enema or endoscopy, while those of the liver, biliary tract and pancreas by both sonography and blood tests. Diseases of the cardiovascular system and pleuritis were diagnosed by means of sonography, X-ray, electrocardiogram (ECG), and blood tests, and those of the uterus and ovary by sonography, X-ray, and blood tests after consultation with gynecologists, and those of the urinary tract by sonography, intravenous pyelogram, and urine tests. For gastritis, acute enteritis, gas pain, irritable bowel syndrome, upper respiratory infection, and psychological problems, physical findings, the results of blood and urine tests, X-ray, and imaging techniques were used as gold standard. Finally, neuralgia and musculoskeletal diseases without specific skin lesions were determined on the basis of history and follow-up outcomes.
Analysis
Sensitivity and specificity and likelihood ratio were calculated in the conventional manner [13] . We compared clinical and demographic features of patients who had and who had not undergone laboratory tests in order to determine whether the tested subgroups differed from the non-tested patients.
Bivariate analysis of the differences in subject characteristics was conducted by using the chi-square test. The likelihood ratios for a subgroup of cancer patients were estimated with 95% confidence intervals. Logistic regression analysis was used to determine which of the clinical and laboratory findings had the greatest independent ability to distinguish between patients with and without cancer.
The SAS statistical package (SAS Inc., USA) was utilized for these analyses. 
RESULTS
Study population
Patient with cancer
Of the 473 study subjects, 16 were found to have cancer within the three-month follow-up after the index visit. Two patients were diagnosed as having a cancer two years after the index visit.
Thus, cancer as a cause of abdominal pain was found in only 3.8% (18/470) of patients in this primary-and secondary-level care clinic. A histologic diagnosis of cancer was established for 16 patients within the same hospital, and one in another hospital. The remaining one patient was diagnosed as having metastatic cancer, based on the clinical course and the results of X-ray, sonography, and computed tomography (CT). Two patients were identified as having had cancer at a sevenyear follow-up. Table 1 shows the demographic and clinical features of these 18 patients, 17 of whom were above 40 years of age. One was already known to have a cancer at the time of the index visit, and in all other cases cancer was suspected and listed in the differential diagnoses at the first encounter with examining physicians.
Clinical findings for patients with and without cancer [8, 9] , but the association was not statistically significant. Having sought medical care during the preceding month, having pain from lesions other than those of the abdomen, and change of bowel habits were not statistically significant. Table 2 also provides data of physical findings. Severe pain-induced countenance, fever, and abdominal tenderness were significantly associated with cancer.
Laboratory findings
Since laboratory tests were not ordered uniformly, the data were not complete for assessing these test results. Multivariate analysis Logistic regression analysis was used to determine which of the findings in Tables 2 and 3 had the greatest independent ability to distinguish between patients with and without cancer. Such discriminant factors might help to identify the small number of subjects with a sufficiently high probability of cancer to warrant such further testings like barium-swallow GI series, barium enema, endoscopy and ultrasonography, while avoiding unnecessary procedures in the subjects with a low probability of cancer. This analysis was performed by using the results in patients with complete clinical data set covering history taking, physical examination and laboratory tests. The only findings included in the discriminant model were a history of unexplained weight loss, duration of pain over one month, a physical finding Because 50% of patients who have self-limited pain improve within a month, time factor for longitudinal observation is an important diagnostic tool. This is reflected in our algorithm, which does not recommend advanced testing for the lowest-risk subjects unless indications arise subsequently. In subjects with previous cancers, age over 40, unexplained weight loss [16, 17] , pain continuing over one month, or severe pain induced appearance, the prior probability of cancer is sufficiently high (36%) to warrant some immediate diagnostic testing, assuming that previous treatment has not resulted in relieving the suffering. In our study, not every subject was given a trial of symptom-relieving therapy at the index visit. Ideally, follow-up data in this respect should be used in the creation of a fine-tuned algorithm. based on our data set was limited to just one or two predictive variables. Finally, our results need to be validated for a separate group of patients. In conclusion, our data support the value of the combined use of clinical features and selected laboratory findings in detecting cancer among patients with abdominal pain. Application of such selected criteria holds the promise of substantially reducing costs of care without reducing quality of care. Judicious utilization of ESR, WBC, and LDH findings may result in a more effective indication of endoscopy and sonography than that based on medical history alone.
